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COMPOSITE USED FOR THERMAL SPRAY 
INSTRUMENTATION AND METHOD FOR 
MAKING THE SAME 

PRIORITY DATA 

This application is a continuation of U.S. patent applica- 
tion Ser. No. 1 1/678,555, now abandoned, which was filed on 
Jan. 26, 2007 and is a continuation of U.S. patent application 
Ser. No. 10/909,598, now abandoned, which was filed on 
Aug. 2, 2004 and which claims priority to U.S. Provisional 
Patent Application No. 60/491,377 filed on Jul. 31, 2003 all of 
which are incorporated herein in their entirety. 

GOVERNMENT RIGHTS 

This invention was made with U.S. Government support 
under Contract No. NRA-01-GRC-02 from the National 
Aeronautic and Space Administration (NASA). 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates generally to sprayed instrumentation 
and in particular to composites used for thermal sprayed 
instrumentation. 

2. Description of the Prior Art 

As the gas temperature in turbine engines increases, 
improvements to existing thermal spray instrumentation are 
necessary to meet the challenges associated with monitoring 
the temperature and strain of the various engine components 
operating at temperatures in excess of 2200° F. (1200° C.). A 
thermal spray instrument can include wire instrumentation 
laid down within a thermal barrier coating having a bond coat 
and a top coat. The wire instrumentation can facilitate the 
measurement of direct strain and temperature inside an 
engine when coupled with a data acquisition system. In a 
typical engine test, the thermal spray instrumentation must 
survive at least 50 to 100 hours of thermal cycling so that 
sufficient data can be collected. The main failure mechanism 
in thermal spray instrumentation is decohesion/delamination 
at the top coat/bond coat interface due to oxidation of the 
bond coat and a mismatch in the thermal coefficient of expan- 
sion (TCE) between the top coat and the bond coat. Lei, J. F., 
“Protective Coats for High-Temperature Strain Gages”, 
NASA Lewis, Tech Briefs, September 1993; Gregory, O. J., 
“Flame Spray Strain Gages with Improved Durability and 
Lifetimes”, Annual Technical Report for NASA Aerospace 
and Power Program NRA-01-GRC-02, October 2002; Roe- 
sch, E., “Improved Strain Gage for High Temperature Test 
Engine Application” Eighth Hostile Environmental Confer- 
ence, Dearborn, Mich., October 1995; Wachtman, J. B. et al., 
“Ceramic Films and Coatings”, Noyes Publications, West- 
wood, N.J., 1993; Niska, H. et al., “Chemical Vapor Deposi- 
tion of Alpha Aluminum Oxide for High Temperature Aero- 
space Sensors”, Journal of Vacuum Science and Technology, 
4 (2000), 1653-1659; and Trottier, C. M. et al., “Dielectric 
Stability of Native Oxides formed on NiCrAlY-Coated Sub- 
strates”, Thin Solid Films, 24 (1992), 254-260. 

A need exists, therefore, to improve fatigue life of the 
sprayed coatings used to imbed strain gages and thermo- 
couples. 

SUMMARY OF THE INVENTION 

Broadly, the invention includes a composite comprising a 
bond coat of MCrAlY wherein M is a metal selected from the 
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group consisting of cobalt, nickel, and mixtures thereof that is 
coated to a superalloy. The bond coat is subjected to a heat 
treatment in reduced oxygen partial pressures to selectively 
oxidize the bond coat to form a compositionally graded mate- 
5 rial. A ceramic top-coat is applied over at least a portion of the 
compositionally graded material. The composite can be used 
for thermal sprayed instrumentation or as a thermal barrier 
coating for engine parts of automobile engines, gas turbine 
engines and turbines for power generation, 
to In another aspect of the invention, the composite is com- 
prised of a bond coat comprised of MCrAlY wherein M is a 
metal selected from the group consisting of cobalt, nickel and 
mixtures thereof that is coated to a superalloy. An oxygen 
diffusion barrier comprised of a noble metal is applied onto at 
1 5 least a portion of the bond coat and i s heat treated to reduce the 
extent of internal oxidation in the bond coat. A ceramic top 
coat is applied over at least a portion of the heat treated 
diffusion barrier. The composites can be used for thermal 
sprayed instrumentation or as thermal barrier coatings for 
20 engine parts of automobile engines, gas turbine engines and 
turbines for power generation. 

In yet another aspect, the invention includes a method for 
producing a superalloy article which comprises providing a 
substrate comprised of a superalloy, applying a bond coat 
25 comprised of MCrAlY wherein M i s a metal selected from the 
group consisting of cobalt, nickel and mixtures thereof to at 
least a portion of the substrate to form a first composite, 
applying an intermediate layer comprised of a noble metal to 
at least a portion of the bond coat to form a second composite, 
30 heating the second composite to form a heat treated second 
composite, cooling the heat treated second composite to form 
a cooled second composite and applying a ceramic top coat 
over at least a portion of the cooled second composite to form 
the superalloy article. 

35 In another aspect of the invention, the second composite is 
heated by exposing the first composite to a target temperature 
within the range of between about 1600-1800° F. 

In yet another aspect of the invention, the first composite is 
exposed to the target temperature by: a) placing the second 
40 composite in a controlled ambient; b) raising the temperature 
of the controlled ambient at a predetermined rate for a first 
predetermined time period; c) maintaining the temperature of 
the controlled ambient for a second predetermined time 
period upon expiration of the first predetermined time period; 
45 d) repeating steps b) and c) until the temperature of the con- 
trolled ambient reaches the target temperature upon expira- 
tion of the first predetermined time period of step b); and e) 
maintaining the target temperature for the second predeter- 
mined time period. 

50 In still another aspect, the invention includes a method for 
producing a superalloy article which comprises providing a 
superalloy substrate, applying a bond coat comprised of 
MCrAlY wherein M is a metal selected from the group con- 
sisting of cobalt, nickel and mixtures thereof to at least a 
55 portion of the substrate to form a composite, heating the first 
composite to form a heat treated composite, cooling the heat 
treated composite to form a cooled composite and applying a 
ceramic top coat over at least a portion of the cooled compos- 
ite to form the superalloy article. 

60 In yet another aspect of the invention, the composite is 
heated by exposing the composite to a target temperature 
within the range of between about 1600-1800° F. 

In still another aspect of the invention, the composite is 
exposed to the target temperature by: a) placing the first 
65 composite in an ambient; b) raising the temperature of the 
ambient at a predetermined rate for a first predetermined time 
period; c) maintaining the temperature of the ambient for a 
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second predetermined time upon expiration of the first pre- 
determined time period; d) repeating steps b) and c) until the 
temperature of the ambient reaches the target temperature 
upon expiration of the first predetermined time period of step 
b); and e) maintaining the target temperature for the second 5 
predetermined time period. 

These and other objects, features and advantages of the 
present invention will become more apparent in light of the 
following detailed description of the preferred embodiments 
thereof, as illustrated in the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. lisa sectional view of an embodiment of the inven- 
ts 

tion; 

FIG. 2 is a sectional view of an alternative embodiment of 
FIG. 1; 

FIG. 3 is a sectional view of another embodiment of the 
invention; 20 

FIG. 4 is a sectional view of an alternative embodiment of 
FIG. 3; 

FIG. 5 is an illustration showing the apparatus used to 
thermal fatigue test the composites of the invention; 

FIG. 6 is a graph showing the heat treatment schedule for 25 
the bond coats of the composites of the invention; and 

FIG. 7 is an SEM micrograph depicting an embodiment of 
the invention. 

DETAILED DESCRIPTION OF THE INVENTION 30 

With reference to FIG. 1, a sectional view of a superalloy 
article 10 is shown. A bond coat 14 comprised of MCrAlY 
wherein M is a metal selected from the group consisting of 
cobalt, nickel and mixtures thereof is coated onto at least a 35 
portion of a superalloy substrate 12. The superalloy substrate 
is comprised of nickel and cobalt based superalloys. Com- 
mercial examples of superalloys suitable for use in the inven- 
tion include INCONEL 600, INCONEL 718, HASTALLOY 
X, RENE 41, MAR-M200, WASPALLOY A and UDIMET 40 
700. The bond coat 14 can be coated onto the superalloy 
substrate 12 by thermal spraying, which includes flame spray- 
ing and plasma spraying, as well as electron beam evapora- 
tion to a thickness of within the range of between about 75 pm 
and 250 pm, preferably 100 pm. 45 

An intermediate layer 16 comprised of a noble metal is 
applied onto at least a portion of the bond coat 14. The 
intermediate layer 16 functions as a diffusion barrier and is 
exposed to a series of ramped up temperatures in a controlled 
oxygen ambient subsequent to its application onto the bond 50 
coat 14 to reduce the extent of internal oxidation in the bond 
coat 14. The intermediate layer 16 can be comprised of noble 
metals selected from the group consisting of platinum, 
rhodium, palladium and iridium. The intermediate layer 16 
can be applied onto at least a portion of the bond coat 14 to a 55 
thickness of within the range of between about 1 pm and 50 
pm, preferably 5 pm, by sputtering, evaporation, or electro- 
plating. 

A ceramic top coat 18 is applied onto at least a portion of 
the heat treated intermediate layer 1 6 . The ceramic top coat 1 8 60 
can be applied onto the heat treated intermediate layer 16 to a 
thickness of within the range of between about 50 pm and 250 
pm, preferably 100 pm, by thermal spraying, which can 
include flame spraying and plasma spraying, or electron beam 
evaporation. Suitable ceramics for use in the invention 65 
include alumina, magnesium aluminate spinel, zirconia, and 
stabilized zirconia. 


4 

In an alternative embodiment, the bond coat 14 can be heat 
treated by being exposing the bond coat 14 to a series of 
ramped temperatures in a controlled ambient subsequent to 
its application on the superalloy substrate 12. The intermedi- 
ate layer 16 is applied onto the heat treated bond coat 14 and 
the ceramic top coat 18 is then applied over the intermediate 
layer 16. In this embodiment, the intermediate layer 16 is not 
heat treated. 

With reference to FIG. 2, an alternative embodiment of 
FIG. 1 is shown. In this embodiment, instrumentation is 
embedded into the ceramic top coat 18 by thermal spraying a 
thin ceramic coating 20, e.g., 50 pm, onto at least a portion of 
the intermediate layer 16 and laying down wires 22 onto the 
ceramic coating 20. Subsequently, the ceramic top coat 18 can 
be thermally sprayed over the wires 22. The ceramic top coat 
18 has a thickness that is greater than the thickness of the 
ceramic coating 20 and the wires can be comprised of any 
suitable metals or alloys, e.g., nickel chrome, platinum, tung- 
sten/platinum or platinum/rhodium and may comprises Type 
R, Type S, Type K thermocouples. The coupling of the wires 
22 to a data acquisition system (not shown) are well known in 
the art and therefore need not be discussed in detail. 

With reference to FIG. 3, a sectional view of a superalloy 
article 100 is shown. A bond coat 114 comprised of MCrAlY 
wherein M is a metal selected from the group consisting of 
cobalt, nickel and mixtures thereof is coated onto at least a 
portion of a superalloy substrate 112. The superalloy sub- 
strate is comprised of nickel and cobalt based superalloys. 
Commercial examples of superalloys suitable for use in the 
invention include INCONEL 600, INCONEL 718, 
HASTALLOY X, RENE 41, MAR-M200. WASPALLOY A 
and UDIMET 700. The bond coat 114 can be coated onto the 
superalloy substrate 112 to a thickness of within the range of 
between about 75 jam and 250 pm, preferably 100 pm, by 
thermal spraying, which includes flame spraying and plasma 
spraying, as well as electron beam evaporation. 

The bond coat 114 is exposed to a series of ramped tem- 
peratures in a controlled ambient subsequent to its application 
onto the superalloy substrate 110. A ceramic top coat 116 is 
then applied over at least a portion of the heat treated bond 
coat 112. The bond coat 114 is selectively oxidized when 
heated and thus a compositionally graded material is formed. 
The ceramic top coat 118 can be applied onto the heat treated 
bond coat 114 to a thickness of within the range of between 
about 50 pm and 250 pm, preferably 100 pm, by thermal 
spraying, which can include flame spraying and plasma 
spraying, or electron beam evaporation. Suitable ceramics for 
use in the invention include alumina, magnesium aluminate 
spinel, zirconia, and stabilized zirconia. 

With reference to FIG. 4, an alternative embodiment of 
FIG. 3 is shown. In this embodiment, instrumentation is 
embedded into the ceramic top coat 116 by thermal spraying 
a thin ceramic coating 120, e.g., 50 pm, onto at least a portion 
of the bond coat 114 and laying down wires 122 onto the 
ceramic coating 120. Subsequently, the ceramic top coat 116 
can be applied over the wires 122 by thermal spraying. The 
ceramic top coat 116 has a thickness that is greater than the 
thickness of the ceramic coating 120 and the wires 122 can be 
comprised of any suitable metal or alloy, e.g., nickel chrome, 
platinum, tungsten/platinum or platinum/rhodium and may 
comprise Type R, Type S, Type K thermocouples. The cou- 
pling of the wires 22 to a data acquisition system (not shown) 
are well known in the art and therefore need not be discussed 
in detail. 

Substrates 

Inconel 718 coupons, measuring Vs in thick, 3 inches long 
by 1 inches wide were used for all fatigue tests. Inconel 718 
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coupons are comprised of approximately 53% Ni, 18.5% Fe, 
18.6% Cr, 3.1% Mo, 0.4% Al, 0.9% Ti, 0.2% Mn, 0.5% Si, 
0.04% C, and 5% Nb. After grit blasting, a coating of either 
PRAXAIR N171 or PRAXAIR N343 was thermally sprayed 
onto the INCONEL 718 coupons with a thickness of 0.002- 5 
0.004 inches. Ceramic top coats used for the fatigue tests 
consisted of magnesium aluminate spinel (MgA1203) (St. 
Gobain, Northboro Mass.) or pure alumina (A1203) (St 
Gobain, Northboro Mass.) flame sprayed to a thickness of 
0.013-0.018 inches. 10 

Thermal Fatigue Testing 

With reference to FIG. 5, fatigue testing was carried out in 
a DELTECH horizontal tube furnace 200. The test coupons 
202 were fixed to an INCONEL 718 rig 204 that fit inside a 
furnace tube 206. The samples were heated to 1 100° C. and 15 
held at this temperature for one hour. The rig 204 was then 
retracted from the tube and the coupon 202 was allowed to 
cool to 150° C. The cooling process took approximately 5-6 
minutes. Upon reaching 1 50° C., the rig 204 with the coupon 
202 was placed back in the furnace tube 206 and heated to 20 
1 1 50° C. again. The entire heating and cooling sequence was 
considered one cycle and the fatigue life of the samples was 
assessed based on the number of cycles to failure. 

Heat Treatment of Bond Coats 

Heat treatment of the various bond coats, which included a 25 
NiCoCrAlY bond coat (Praxair 171) and a NiCrAlY bond 
coat (Praxair 343), was carried out in a DELTECH horizontal 
tube furnace. The tube furnace was sealed after the bond- 
coated INCONEL 718 coupons were placed inside and the 
tube was continuously purged with dry nitrogen gas. The 30 
nitrogen gas was passed through a NESLAB constant tem- 
perature bath, which cooled the incoming gas to -40° C. to 
remove any residual water. The ambient inside the tube com- 
prised oxygen at a reduced partial pressure within the range of 
between about 100 ppm and 5,000 ppm, e.g., 1000 ppm. The 35 
temperature of the furnace was ramped for 20-minutes at a 
rate of 3° C. per minute and a one-hour hold until the desired 
temperature was reached. The final heat treatment tempera- 
ture was between 1600-1800° F. (871-982° C.). The samples 
were then allowed to cool to room temperature. The heat 40 
treatment schedule is shown in FIG. 6. The fatigue life of the 
various bond coats including PRAXAIR 171 and PRAXAIR 
343 coatings are set forth in table 1 below. 


TABLE 1 


Surface treatments, heat treatments and fatigue life 
of Inconel 718 test coupons with various bond coats. 

Bond Coat 

Thickness 

(inches) 

Surface 

Treatment 

Heat 

Treatment 

(F.) 

Fatigue Life 
(Cycles to 
Failure) 

Praxair 

NiCoCrAlY 

0.002 

none 

none 

52 

N171 

NiCoCrAlY 

0.003 

none 

none 

55 


NiCoCrAlY 

0.003 

none 

none 

71 


NiCoCrAlY 

0.002 

none 

1750 

79 


NiCoCrAlY 

0.035 

none 

1750 

99 


NiCoCrAlY 

0.003 

none 

1750 

124 


NiCoCrAlY 

0.003-.004 

none 

1750 

144 


NiCoCrAlY 

0.002 

Pt 

1750 

81 


NiCoCrAlY 

0.002 

Pt 

1800 

192 


NiCoCrAlY 

0.002 

Pt 

1750 

124 

Praxair 

NiCrAlY 

0.002 

none 

none 

2 

N343 

NiCrAlY 

0.002 

none 

1750 

2 


NiCrAlY 

0.003 

none 

1750 

25 


NiCrAlY 

0.002 

Pt 

1600 

2 


NiCrAlY 

0.002 

Pt 

1750 

1 


NiCrAlY 

0.002 

Pt 

1750 

7 


NiCrAlY 

0.002 

Pt 

1800 

6 


6 

As-sprayed PRAXAIR N171 and N343 bond-coated 
samples were fatigue tested to provide a baseline for com- 
parison purposes, so the relative merits of the various surface 
treatments and heat treatments could be evaluated. It was 
determined that the heat treatment of the PRAXAIR 171 bond 
coats in reduced oxygen partial pressure yielded a significant 
increase in the fatigue life of the thermal sprayed INCONEL 
718 coupons, as shown in Table 1. Samples heat-treated to 
1750° F. (954° C.) in reduced oxygen partial pressure more 
than doubled fatigue life (110 cycles to failure vs. 52 cycles to 
failure for the as-sprayed material). This considerable 
increase in fatigue life can be attributed to the fact that selec- 
tive oxidation of the aluminum and chromium in the bond 
coat yielded a graded interface and the TCE of the metallic 
bond coat and ceramic top coat was more closely matched as 
a result. This reduced the stress at the top coat/bond coat 
interface and permitted longer fatigue life. Heat treatment of 
the Praxair N343 bond coated samples yielded little or 
increase in the fatigue life of the samples, lasting only 2-3 
cycles to failure, independent of heat treatment temperature. 

The PRAXAIR N171 and N343 bond coated samples 
failed by different failure mechanisms. The PRAXAIR Nl 71 
bond coated samples failed by decohesion/delamination at 
the top coat-bond coat interface. The PRAXAIR N343 bond 
coated samples on the other hand failed by cohesive failure in 
the bond coat. 

Platinum and Rhodium Diffusion Barrier Coatings 

In an effort to reduce the extent of internal oxidation in the 
thermal sprayed bond coat, platinum and rhodium coatings 
were employed as diffusion barriers. Initially, 2 um thick 
coatings of platinum were deposited onto an as- sprayed 
PRAXAIR 171 bond coated coupons by physical vapor depo- 
sition (PVD). The platinum diffusion barrier can be seen in 
FIG. 7 and is evident in the micrograph as a white band 
running along the top coat/bond coat interface. The platinum 
coated INCONEL 718 coupons were then heat treated to 
1800° F. (982° C.) as described in the above section entitled 
“Heat Treatment of Bond Coats”. A magnesium aluminate 
spinel top coat (St Gobain, Northboro Mass.) was then ther- 
mally sprayed over the entire surface. Rhodium diffusion 
barriers were also applied to the surfaces of PRAXAIR 171 
bond coated coupons by pen plating (electroplating). After 
pen plating, the PRAXAIR 171 bond coated INCONEL 718 
coupons with 1 0 pm of rhodium, were heat-treated in reduced 
oxygen partial pressure and thermally sprayed with a ceramic 
top coat. 

Platinum diffusion barriers applied by PVD in conjunction 
with reduced oxygen partial pressure heat treatment yielded a 
four fold increase in the fatigue life (192 cycles to failure vs. 
52 cycles to failure for the as -sprayed material). The sputtered 
platinum films were thick enough to form an oxygen diffusion 
barrier and slowed the growth of internal oxides in the 
PRAXAIR 171 bond coat by promoting the formation of an 
alumina rich scale at the top coat/bond coat interface. The 
pen-plated rhodium coatings also showed some improvement 
in the fatigue life of the PRAXAIR 171 coupons. The plati- 
num diffusion barriers applied by PVD to the PRAXAIR 
N343 bond coated samples showed little improvement in the 
fatigue life of the PRAXAIR N343 bond coated samples (7 
cycles vs. 2-3 cycles to failure for the as-sprayed material). 

All journal articles and reference citations provided above, 
in parentheses or otherwise, whether previously stated or not, 
are incorporated herein by reference. 

Although the present invention has been shown and 
described with a preferred embodiment thereof, various 
changes, omissions and additions to the form and detail 
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thereof, may be made therein, without departing from the 
spirit and scope of the invention. 

What is claimed is: 

1 . A method for producing a superalloy article which com- 5 
prises: 

providing a superalloy substrate; 

applying a bond coat comprised of MCrAlY wherein M is 
a metal selected from the group consisting of cobalt, 
nickel and mixtures thereof to at least a portion of said 10 
substrate to form a first composite; 
applying an intermediate layer comprised of a noble metal 
to at least a portion of said bond coat to form a second 
composite; 

heating said second composite to a target temperature 15 
within the range of about 1600° F.-1800 0 F. to form a 
heat treated second composite, wherein an oxygen par- 
tial pressure during the heating step was in a range of 
between about 100 ppm and 5,000 ppm; 
cooling said heat treated second composite to form a 20 
cooled second composite; and 
applying a ceramic top coat over at least a portion of said 
cooled second composite to form the article. 

2. The method of claim 1 wherein exposing said second 

composite comprises: 25 

a) placing said second composite in a controlled ambient; 

b) raising the temperature of said controlled ambient at a 
predetermined rate for a first predetermined time period; 

c) maintaining the temperature of said controlled ambient 
for a second predetermined time upon expiration of said 30 
first predetermined time period; 

d) repeating steps b) and c) until the temperature of said 

controlled ambient reaches said target temperature upon 
expiration of said first predetermined time period of step 

b); and 35 

e) maintaining said target temperature for said second pre- 
determined time period. 

3. The method of claim 2 wherein said intermediate layer 
comprises platinum. 

4. The method of claim 3 wherein said predetermined rate 40 
comprises 3° C. per minute. 

5. The method of claim 4 wherein said first predetermined 
time period comprises about 20 minutes. 

6. The method of claim 5 wherein said second predeter- 
mined time period comprises about 60 minutes. 45 

7. The method of claim 6 wherein said predetermined rate 
comprises a first predetermined rate and cooling said heat 
treated second composite comprises: 

lowering said target temperature to a predetermined tem- 
perature at a second predetermined rate. 50 

8. The method of claim 7 wherein said second predeter- 
mined rate comprises 3° C. per minute and said predeter- 
mined temperature is about 72° F. 

9. A method for producing a superalloy article which com- 
prises: 55 

providing a substrate comprised of a superalloy; 
applying a bond coat comprised of MCrAlY wherein M is 
a metal selected from the group consisting of cobalt, 
nickel and mixtures thereof to at least a portion of the 
said substrate to form a composite; 60 

heating said composite in an atmosphere that includes 
nitrogen and includes between about 1 00 ppm and 5,000 
ppm partial pressure of oxygen such that selective oxi- 
dation of aluminum and chromium in the bond coat 
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yields a graded thermal coefficient of expansion of a thus 
formed heat treated composite; 

cooling said heat treated composite to form a cooled com- 
posite and 

applying a ceramic top coat over at least a portion of said 
cooled composite to form the article. 

10. The method of claim 9 wherein heating said composite 
comprises: 

exposing said composite to a target temperature within the 
range of between about 1600-1800° F. 

11. The method of claim 10 wherein exposing said com- 
posite comprises: 

a) placing said first composite in an ambient; 

b) raising the temperature of the ambient at a predeter- 
mined rate for a first predetermined time period; 

c) maintaining the temperature of the ambient for a second 
predetermined time upon expiration of said first prede- 
termined time period; 

d) repeating steps b) and c) until the temperature of the 
ambient reaches said target temperature upon expiration 
of said first predetermined time period of step b); and 

e) maintaining said taiget temperature for said second pre- 
determined time period. 

12. The method of claim 11 wherein said predetermined 
rate comprises 3° C. per minute. 

13. The method of claim 12 wherein said first predeter- 
mined time period comprises about 20 minutes. 

14. The method of claim 13 wherein said second predeter- 
mined time period comprises about 60 minutes. 

15. The method of claim 14 wherein said predetermined 
rate comprises a first predetermined rate and cooling said heat 
treated composite comprises: 

lowering said target temperature to a predetermined tem- 
perature at a second predetermined rate. 

16. The method of claim 15 wherein said second predeter- 
mined rate comprises 3° C. per minute and said predeter- 
mined temperature is about 72° F. 

17. A superalloy article which comprises: 

a substrate comprised of a superalloy; 

a bond coat comprised of MCrAlY wherein M is a metal 
selected from the group consisting of cobalt, nickel and 
mixtures thereof applied onto at least a portion of the 
said substrate, said bond coat being exposed in an atmo- 
sphere having a reduced partial pressure of oxygen of 
between about 100 ppm and 5,000 ppm to a temperature 
of within the range of between about 1 600- 1 800° F. 
subsequent to its application onto said substrate such 
that selective oxidation of aluminum and chromium in 
the bond coat yields a graded region having a graded 
thermal coefficient of expansion of the bond coat, said 
graded region including an interface surface; and 

a ceramic top coat applied to the interface surface of said 
bond coat, wherein said interface surface includes a 
thermal coefficient of expansion that is similar to a ther- 
mal coefficient of expansion of said ceramic top coat. 

18. A superalloy article of claim 17 which further com- 
prises: 

an intermediate layer comprised of a noble metal applied 
onto at least a portion of said bond coat. 

19. The superalloy article of claim 18 wherein M is a 
mixture of nickel and cobalt and the alloy article exhibits a 
fatigue life of at least 81 cycles to failure, wherein a cycle 
includes an entire heating and cooling sequence. 





